Abstract: Climate change and global warming are becoming important problems around the globe.
Introduction

23
FOR many years, concerns about global warming and climate change have been growing. In 
32
it is significant that many countries attended the COP21 autonomously, and each country set its own System can balance supply and demand in real time by monitoring and controlling the whole system 46 of a building. Table 1 . Goals of GHG Emissions Reduction for Selected Countries [2] [3] [4] [5] from renewable energy can be supplied to load directly or charged ESS. Also, the battery is charged 70 from grid when the price is low and discharged when the price of electricity on the grid is high. This 71 allows a building to save money and reduce power consumption. In this system, less energy 72 production is required by fossil fuel generators during times of peak consumption. In consequence,
73
SGS benefits the environment by reducing emissions of CO2. These effects are shown in Table 2 . 
74
91
The PV system was mounted at 30° on the rooftop. The maximum power of each module is
92
250W, and the total capacity of the system is 20kWp. The system is composed of 84 modules
93
consisting of monocrystalline silicon cells, but 4 of them are dummies. The capacity was adopted at 94 5% of the contracted power (400kW) of the Guri office. The PV system supplies the power the 95 building on weekdays, and charges a battery on weekends. Table 3 is the specification of the PV 96 system. supply to building loads directly to reduce the peak and power consumption.
97
as Figure 2 . This WT is not influenced by the direction of the wind since it is a vertical axis type wind 104 turbines (VAWT) [7] . Also it doesn't make noise when the turbine rotates, and cut-in wind speed is 105 light wind as 3m/s. These features make the WT system easy to install on buildings, but the rated 106 power is 1.2kW at 15m/s. Although this WT generates 53kWh for a year by Weibull performance 107 calculations, the system is hard to contribute to reduce energy because the wind doesn't blow fast 108 enough in urban area.
110 111
Because this vertical type of WT has unstable output at certain wind speeds and low efficiency 112 [7, 8] , it has its own interconnected inverter to stabilize the output. Table 4 shows the features of WT,
113
and Table 5 shows the details of this inverter. 
114
117
ESS is composed of a battery and power conversion system (PCS). Figure 3 shows the battery
118
and PCS installed on the rooftop. The ESS can be used for either on-grid status or off-grid status. The
119
ESS has various effects: peak shaving, load leveling, providing constant voltage and constant 120 frequency (CVCF), cost reduction, load compensation and so on [9] . In this paper, the authors focused 
126
The PCS converts DC-to-AC and AC-to-DC. This means that it can function both a converter and 127 an inverter. Usually, a PV system has its own inverter, but the PCS used in the SGS is a hybrid type.
128 Figure 4 is the inner connection diagram of PCS. It makes it possible to charge or discharge the power
129
of the PV, the WT, and the battery. The capacity of the PCS was determined to be 30kW, considered
130
the capacity of the PV and the battery, in that the PV system has 20kW, and the battery was estimated
131
to discharge at 10kW. state. The specification of the ESS is in Table 6 .
141
There are three discharge schedules that the operator adjusts, and those are as follows: Power Line Communication Line but the amount is different during peak load time In summary, the ESS charges the batteries at the off-peak load time and discharges them during 149 the peak and mid load times on weekdays. It is expected that a customer can reduce power peak by 150 5% with these schedules. Table 7 is the detail specification of the AMI. and Combo supply power in DC. The fast-charging type chargers supply power at 50kW by 380~450Vdc or 380Vac. However, because of the inconvenience caused by different types of
151
159
For an automation system in a building, CTs are installed in each distribution board to measure the power quality and the consumed energy by the hour and by the device. Also, smart outlets and 174 light switches were newly installed, and these can be controlled remotely by the Operation System.
175
The outlets can cut off standby power. Their rated allowable current is 16A, and their overload 
178
The other controllable system of the BAS is heating, ventilation, and air conditioning (HVAC).
179
The OS adjusts the air quality by controlling the frequency of the variable frequency drives (VFDs) 180 to reduce energy consumption.
181
To measure power consumption of each device, current transformers (CT) are installed in distribution panels. These CTs are solid-ring and split-core types, and they communicate with a 
SGS Operation Sytstem
185
In the SGS, the Operation System plays a role as energy management system (EMS). This is a 186 software program that can integrate the other components. These are connected in communication
187
lines, and the data of the devices are gathered into the operation system. This means that the system 188 can monitor the power consumption of all components in the building in real-time. Moreover, it has the OS has three categories: system configuration, management, and statistics. This is the main page
191
of the OS, and from this page, an operator can select any other page.
192
The first page, system configuration, shows the real-time power flow. In this section, users can 
198
The OS gathers various data from the devices in the communication by Modbus and Zigbee.
199
Based on these data, the OS is able to turn each light switch and outlet on and off and to manage the 
203
Specifically, the operator can set schedules for these devices. Regarding the PCS, the OS controls 204 the charge-discharge operation mode as shown in Table 8 . The output of the WT is too small to 205 contribute to the modes.
206
The statistics section comprises an overall analysis, DER analysis, and load forecasting. Overall
207
analysis is for supplied power and peak per day, month, and year. 
218
The performance analysis is based on Smart Grid Station operation algorithm shown in Figure   219 7. Following the algorithm, power from KEPCO grid charges the battery at off-peak load times, such 
232
Guri branch office, and we considered these changes in increment. Table 9 shows the details of 233 increment in the building, and the authors assume usage time of the devices as in Table 10 .
234
As the equipment for the SCADA room is ICT equipment, it is always used, even on weekends.
235
Because the air conditioning system is an ice storage system, it does not contribute to a rise in the 236 peak. Printers and cooling fans were considered to be unused during peak time to save energy. 
237
240
For a commercial building, once a peak power is measured, the peak is adopted for the electricity
241
fee in the year. The maximum peak occurred in the summer. Thus, the authors compared the peak 242 that occurred in August and September of 2014 with the peak in same months of 2015 as Table 11 . 
243
250
In (1), 42.01kW is a sum of the capacity of all equipment except cooling fans, printers, and the 251 ice storage AC system in Table 9 . The value of added equipment capacity defined in (1) should be 252 subtracted from max peak in 2015. This value is an estimate of the capacity multiplied by the power 253 factor (0.9). In (1) and (2), the result of the PSR is 5.40%. This means that the early target of 5% 254 reduction in peak has been surpassed. 
Consumption Reduction
256
The second effect of the SGS is the reduction of power consumption. The data used to calculate 257 peak reduction in Section 4.1 was also used in this section.
258
The consumption is separated into three time periods: off-peak load, mid load, and peak load,
259
as shown in Table 12 . The added power consumption is subtracted from the total consumption in 260 2015. The consumption reduction ratio (CRR) is calculated in (5) . In (4) and (5) 
269
There are two kinds of electric rates: demand charge and energy charge. Demand charge is for 270 the peak measured, and energy charge is different in each season. Time periods are divided into 271 summer, spring/fall, and winter. Exact time periods are shown in Table 13 . the Saved Fee Ratio (SFR), the added fees were also considered. These fees are on Table 16 and Table = ℎ + ℎ (7) 286 SFR(%) = × 100 − 100 (8) 287
272
× 100 − 100 = 10.15% (9)
288
Although there was not an early target for fee reduction, the analysis of electricity fees is enough
289
to prove the effects of the Smart Grid Station. 1 0.9 of power factor is applied in the Fee, and decimal point is rounded up
290
Economic Analysis of Smart Grid Station
294
In Section 5, we studied the contribution with regard to the economic aspects, especially the 295 contributions of PV generation, EV, and energy time shifting by the ESS. 
302
It is difficult to know when the PV system generated power and how much the system 
311
In conclusion, the total saved fee is 1,256,534 won.
312
Running Cost Reduction by EV
313
There was one electric vehicle in 2015, and the running data is on Table 18 . In August and
314
September, the EV ran in 470km and 345km, respectively. We assumed the fuel efficiency of a 315 gasoline-powered car is 10km/L. Referring to the data, we compared the running cost (RC) of the EV
316
with that of a gasoline-powered vehicle. 
317
Saved Fee by ESS Scheduling
331
A customer charges the battery of the ESS at night, when the price of electricity is low, and 332 discharges the power at the peak load time or mid load time when the price is highs. However, the 333 power from PV system doesn't charge the battery but supplies power to the building load directly in 334 the summer to maximize the efficiency. In August, 758.9kWh was charged to the battery, and same amount was discharged. In September, 541.1kWh was charged and discharged. Also we adapted the 336 same assumption stated in Section 5.1. Equation (21) is a formula to calculate the fee reduction (FR).
337
Time of use (TOU) applied in this equation is an electricity fee policy that varies with seasons and 338 times, as shown in Table 14 .
propose a future strategy. The performance was evaluated with regard to three aspects: peak shaving,
348
reduction of power consumption, and electricity fee saving. Also, the economic efficiency was 
360
As climate has changed, many countries have tried to prevent negative environmental impact.
361
One of the efforts made toward this end is the smart grid. In Korea, KEPCO is evolving the SG
362
technologies and expanding them to most of its branch offices. In this paper, the authors studied the 363 first demonstration of SGS in the Guri branch office to prove the effectiveness.
364
The early main targets were a 5% reduction of peak, a 9.6% reduction of consumption, and 365 savings in electricity fees. To evaluate the performance objectively, we compared the factors in 2015
366
with the values in 2014, while considering the increased loads in 2015. These operational analyses 367 confirmed that peak was reduced by 5.40%, consumption by 11.26%, and fees by 10.15%. Also the 368 economic analysis shows that the SGS is an effective solution for a building. Considering its 369 effectiveness, we suggest the expansion of the SGS to more customers. By expanding it to the private 370 sector, smart grid will contribute to the building of a smart city, which is a city-sized of energy 371 solution. As a next step, the authors will study SG policies and the improvements.
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